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The Cost of a Long Life
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Life Expectancy vs. Spending

20 -
80 .
Switzerland .
United States
S 70
£
L]
S
o
o 60
e
w
i
:':'l 50 South Africa
* - *
Hamibia
40 P+,
&+ Bosbwana
Skerra Leone
30 I 1 1 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 000 3500 4000 4500 2000

Per Capita Health Care Spending in International Dollars



7.4.1 Expenditure on pharmaceuticals per capita and as a share of GDP, 2009 (or nearest year)

P Over-the-counter madicines I Prescribed madicines

=2y
(2=
B7 7
662
B36
BET
B35
LT
BG6E
554
520
B
518
518
S0
493
437
L]
4ED
457
443
&7
|7
e
i
am
I
g
HE
2D
280
265
L 1 248
1000 500
USD PPP

Unitad Stafes
Canada
Greaca’
Ireland®

Belgium®
Germany
Franca
[taly®

Ja
Slovak Republic®
Spain
Switzerland
Austria
Portugal!
Ausiralia
Hungary
OECD
Netharlands
Izeland
Finkand
Slovenia
Swaden
Korea 1
Nao
Czech rﬁﬂc}rﬂin
United Kingdom®
Luxembouwrg®
Estonia
Israal

Denmark
New Zealand
Mazico!

Il Fublic N Privata

21
1.8

24

13
1.7

1.7
1.6

24
16 <«
12
1.3

21
13

24
15
1.2

12

12

1.6
12

1.6
or

—
1.6
10

16
11

1.7

% GDP

OECD.



Figure 3: Average Annual Growth in per Capita Drug Spending, Selected Countries,

1997 to 2007
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Figure 1: Percentage Share of Total Health Spending, by Selected Category,

Canada, 1990 to 2010
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Figure 5: Per Capita Retail Drug Expenditure by Age Group, Canada, 2007
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Figure &: Five-Year Averages of Mew Chemicals and Mew Drug Classes Approved

for Sale in Canada, 1949 to 2010
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Figure &: Percentage Share of Wholesale Drug Purchases (Drug Stores and

Hospitals), Brand Mame and Generic, 2004-2005 and 2009-2010
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o The Global Generics Market

Generics have seen superior growth performance
for a number of years

2008-2012: Global Generic Volume Sales
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Prnaiiie §

o Country Environment
Top 8 Mature

Historically generic penetration moves slowly even "™
large markets: recently Spain has accelerated

2003-2012: Generic volume penetration dynamics in the top 8 markets
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PRESS RELEASES

Spain is the country in the OECD with the fastest generic penetration
Publication of the 110th issue of Farmaindustria’s Monthly Economic Bulletin
(11-09-2014)

Growing share of the generic market (in value), OECD countries, 2008 and 2012
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9 Drivers and constraints for Generics

Factors that have been shown to drive generic
utilisation and factors that inhibit generic utilisation

Drivers 4
%%
-Mandatory INN prescribing @
«Generic first dispensing and :
prescribing :
-Large price differential between ©
generic and originator 0.,0,.0 .
-Reimbursement levels ... Constraints
«Patient Co-payments
-Incentives for dispensing/prescribing «Cultural resistance from doctors
generics -Lack of incentives for pharmacists to
dispense
-Lack of margin for wholesalers to
distribute

-Preference for brands in certain markets
«Across the board price cuts

12 ims



Funds on generics
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Maintenance immunosuppressive therapy and
generic cyclosporine A use in adult renal
transplantation: a single center analysis
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The Role of Generics in Kidney Transplant: Mycophenolate Mofetil 500 Versus
Mycophenolate: 2-Year Results
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month observation
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"AJT Report

News and issues that affect organ and tissue transplantation

Can Generics Be Trusted?

Anecdotal reports question the safety of generic immunosuppressants

mong themselves, physicians have shared safety concerns

after patients switched to generic versions of the mainstay

immunosuppressants Prograf (tacrolimus) and/or CellCept
(mycophenolate mofetil). But so far, such concerns are based on
anecdotes—not published studies. “The pattern we've seen is that
some previously stable patients who've been switched to a generic
have had late rejections, and that raises our antenna,” says John
Friedewald, MD, a nephrologist at Northwestern Memorial Hos-
pital in Chicago.

At the Cleveland Clinic, John Fung, MD, PhD,
chairman of the Department of General Surgery,
notes that one of their stable patients converted
to a generic because his insurance company
required him to, and he ended up having
about a 30 reduction in tacrolimus trough
level. After the transplant team biopsied
the organ and talked with the insurance
company, the third-party payer rescinded
the decision and agreed to cover Prograf.

If these stories sound familiar, don’t
count on them to sway the Food and Drug
Administration (FDA) to take a closer look
at generics. The FDA approved the first
generic version of tacrolimus in August and
several generic versions of mycophenolate mofetil
this past year. However, the agency will need hard data
before it will change its generic approval process.

FDA Need Scientific Evidence

Crystal Rice from the FDA's Center for Drug Evaluation and Re-
search says the agency would like to see actual data—not anecdotes
from random patients—showing that generics are not performing
the way they should. “If we see scientific evidence that there is a
problem with a generic, we will take action,” she says.

letters from the American Society of Transplantation [AST] and the

American Society of Transplant Surgeons [ASTS]) asked for further

studies. They requested that in “orally administered immunosup-

pressants used in the transplant population and characterized by a

narrow therapeutic index, such as tacrolimus, bioequivalence studies

in healthy subjects be supplemented by studies performed in the
transplant population.”

Nearly two years later, in August 2009, the FDA finally re-

sponded in a letter to Astellas that said, in part, “We note that

ASTS has provided no new scientific or clinical data to

support their comments.” Additionally, the FDA

told Astellas that they “do not agree that bioe-

quivalence studies in transplant patients

should be required for the approval of

0 ANDAs [abbreviated new drug applica-

. \  tions] for tacrolimus drug products. ... With

n regard to tacrolimus, there is insufficient

scientific evidence to suggest that the use

of specific patient population(s) in bioe-

quivalence studies would detect differ-

| encesinformulation that might have clinical

significance and that would not be detected

by bioequivalence in healthy subjects.”

Bioequivalence Can Vary by 40%
Rice says that test and reference drugs are considered
bioequivalent if both provide the same rate and extent of ab-
sorption as determined by the bioequivalence measure Cmax, which
1s the peak plasma drug concentration following a single dose, and
the AUC, which is the area under the drug plasma concentration
versus sampling time curve following a single dose. “Two drugs are
deemed bioequivalent if the 90% confidence intervals of the geo-
metric mean Cmax and AUC test/reference ratios fall within the
limits of 80% to 125%,” she adds.

Transplantation. 2012 Apr 15;93(7):657-65. doi:
10.1097/TP.0b013e3182445€9d.

Generic immunosuppression in solid organ transplantation: a
Canadian perspective.

Harrison JJ1, Schiff JR, Coursol CJ, Daley CJ, Dipchand Al,
Heywood NM, Keough-Ryan TM, Keown PA, Levy GA, Lien
DC, Wichart JR, Cantarovich M.

A ican Joumal of il hon 2011, 11: 1765-1766 © 2011 The Authors
Wilay Pariodicals Inc. Journal compilation © 2011 The American Society af

Transplantation and the American Society of Transplant Surgeons
Editorial dot- 10.1111/,.1600-5143.2011.03616.x

Immunosuppression, Generic Drugs and the FDA

even more concerning. In this study, the follow-up period
was short and, as carefully pointed out, “accompanied by
vigilant therapeutic drug monitoring mitigating the risk of
rejection, acute or chronic.”

G. B. Klintmalm*

Annette C. and Harold C. Simmons Transplant Institute,
Baylor University Medical Center, Dallas, TX
*Corresponding author: Géran B. Kiintmalm,

gorank@baylorhealth.edu There are currently four approved generic tacrolimus prod-

doiz 10.1111/].1800-8143.20711.0387 E.x

Letter to the Editor

Immunosuppression, Generic Drugs and the FDA

To the Editor: tared by the associatad cost of increased laboratory
monitenng.

Wie respectfully dizagres with some points voiced in Dr.
Klintmalm's aditonal regarding generic immunosuppres-

sion (1), We acknowledge that further research is recessary to

datermine the pharmacosconomic impact of generic im-

J Nephrol. 2004 Nov-Dec;17 Suppl 8:520-4.
Generic cyclosporine: a word of caution.
Ponticelli C1.




Therapeutic Index

- Therapeutic Index

- The range between the median effective dose, known as ED50,
and the median toxic dose, TD50

« Narrow therapeutic index (NTI)

- A very small range of doses at which a medication provides benefits
without causing severe and potentially fatal complications

« Small molecule immunosupressants are NTI drugs:
— Cyclosporine, tacrolimus, MPA agents, mTORI
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4.2:

4.3:

4.4:

Do not use generic compounds that have not been
certified by an independent regulatory agency to
meet each of the following criteria when com-
pared to the reference compound (Not Graded):
+ contains the same active ingredient;
» isidentical in strength, dosage form, and route
of administration;
has the same use indications;

is bioequivalent in appropriate bioavailability
studies;

+ meets the same batch requirements for iden-
tity, strength, purity and quality;

s is manufactured under strict standards.

It is important that the patient, and the clinician

responsible for the patient’s care, be made aware

of any change in a prescribed immunosuppressive

drug, including a change to a generic drug. (Not

Graded)

After switching to a generic medication that is

monitored using blood levels, obtain levels and

adjust the dose as often as necessary until a sta-

ble therapeutic target is achieved. {Not Graded)
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EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

7 October 2014
EMA/618604/2008 Rev. 10
Committee for Human Medicinal Products (CHMP)

Questions & Answers: Positions on specific questions
addressed to the pharmacokinetics working party

....., iIn order to ensure the safety and efficacy of generic tacrolimus
products it is necessary to apply tighter bioequivalence acceptance
criteria than the conventional 80-125%.

Conclusion: The EWP recommends that the bioequivalence acceptance
criteria for tacrolimus should be [90-111%] for AUC and [80-125%]

fOI’ CmaX C I 90 (Westlake interval. Biopharmaceutical statistics for drug development. NY: Marcel Dekker, 1988: 329-52)



Main limitations of bioequivalence studies

(authorization applications)

Healthy volunteers (mainly young male adults)
Single dose crossover studies of innovator drug and generic
Not in steady state conditions.

Bioequivalence studies not required among distinct generics
formulations:

~ Same active drug
~ Distinct galenic formulations

- Different bioavailability

Differences between HV and patients (concomitant medications,
polypharmacy, ..

Distinct PK parameters for bioequivalence studies and clinical
TDM (AUC and C,,, vs C,)



The transplant community 1s filling the gap......

beyond regulatory requirements.



A Randomized Pharmacokinetic Study of Generic Tacrolimus Versus Reference Tacrolimus
in Kidney Transplant Recipients

Randomization (1:1)

| Reference lacrolimus | Generic tacrolimus
Days 1-14 Days 15-28
Screenin L
(-14 days
|| Generic tacrolimus | Referance tacrolimus
Days 1-14 Days 15-28
FPharmacokinetic profiling Day 7 Day 14 Day 21 Day 28

Alloway et al. Am J Transplant 2012; 12: 2825-35.



A Randomized Pharmacokinetic Study of Generic Tacrolimus Versus Reference
Tacrolimus in Kidney Transplant Recipients

=888 |nnovator tacrclimus
i (e o

Mean [+ 50) concentration (mdg/mL}

i I d 3 4 5 & 7 2] a 10 mn 13
Time [hours)

Alloway et al. Am J Transplant 2012; 12: 2825-35.



A Randomized Pharmacokinetic Study of Generic Tacrolimus Versus Reference

Tacrolimus in Kidney Transplant Recipients

A

Visit 4 (Day 14)

AUC, .. (ng*hrimL)

Generic tacrolimus

Visit 6 (Day 28)
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A randomized, crossover pharmacokinetic study comparing generic tacrolimus vs. the reference
formulation in subpopulations of kidney transplant patients
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Bloom et al. Clinical Transplantation 2013; 27: E685-E693


http://onlinelibrary.wiley.com/doi/10.1111/ctr.12256/full

Generic tacrolimus in solid organ transplantation
Changes in tacrolimus doses and levels
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Taube et al. Clin Transplant 2014; 28: 623-32.



Bioequivalence between generic tacrolimus products
marketed in Spain by adjusted indirect comparison

Table 2 Ninety percent confidence interval for Cmax and AUC of tacrolinus in the bioequivalence studies submitted for marketing approval

PharOS Sandoz Intas
Crnax AUC Crrax AUC Crrax AUC
5 mg 105.56-117.93 93.06-104.74 91.69-111.46 90, 24-110.89
1 mg 04.26-111.42 101.12-119.01 103.0-120.8 91.51-105.9

0.5 mg

Herranz et al. Eur J Clin Pharmacol 2013; 69:1157-1162



However, ....

 Bioequivalence only required for each generic to the
Innovator drug and not among them.

« Two generic formulations may not be bioequivalent
between them
~ Generic A: Clg,: 80-100%
~ Generic B: Clg,: 105-125%
And what about 10% of patients that by definition are out of Clg, ?



Pharmacokinetic parameters on Day 10 (left panel) and at Month 6 (right panel)
(de novo KTR).

-—-Reference -=Generic

= 50 50

E
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£ 40 40
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L2

g 30 30
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g

o 20 20

&}

7}

£ 10 10

3 =

[z}

ﬁ 0 0

0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time (h) Time (h)
Day 10 Month 6
Reference Generic P-value Reference Generic P-value
(n=63) (n=54) (n=55) (n=38)

Co (ng/mL) 9.7£3.0 9.8£2.5 0.803 6.89+2.2 5.65+1.6 0.004
Crax (ng/mL) 23.419.1 35.1£14.5 <0.001 19.6+7.4 19.6+9.5 0.989
Trnax (h) 1.4£0.8 1.0£0.5 0.002 1.54+1.11 1.310.87 0.309
AUC, .1, (ng.h/mL) 147.9+43.8 164.0+44 .4 0.051 118.5+34.2 106.8+34.7 0.111
Dose/weight (mg/Kg) 0.13+0.05 0.14+0.08 0.447 0.086+0.04 0.069+0.03 0.040
Dose normalized C, (ng/mL/mg/Kg) 85.1+44.3 95.8+62.7 0.290 102.6+62.5 100.6+51.1 0.870
Dose normalized C,,,, (ng/mL/mg/Kg) 192.5+95.2 309.1£191.9  <0.001 273.2+148.9 346.3+184.4 0.056
Dose normalized AUC, .1, (ng.n/mL/mg/Kg)  1262.5+593.5  1513.4+9354 0.084 1718.1£946.3 1882.2+935.6 0.429

Sang-Il Min et al. Nephrol. Dial. Transplant. 2013; 28:3110-3119



Correlation between Cmin and AUCO0-12 for reference tacrolimus and generic
tacrolimus on Day 10 (left panel) and Month 6 (right panel).
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Original Clinical Science

Use of Generic Tacrolimus in Elderly Renal

Transplant Recipients
Precaution Is Needed

Ida Robertsen," Anders Asberg, " Aleksander Olsen Ingera, Nils Tore Vethe,® Sara Bremer,* Stein Bergan,'

and Karsten Midtvedt®
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No bioequivalence criteria

AUC ratio: 1.17 (Clgy, 1.1-1.23)

Cmax ratio: 1.49 (Clg, 1.35-1.65)

Robertsen et al. Transplantation 2015; 99: 528-532
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Concentration (ug/mL)

Bioavailability of a generic of the immunosuppressive agent mycophenolate mofetil in
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The “generic” effect of food on tacrolimus pharmacokinetics

5 mg Capsule Fasting Study
Mean blood concentration Time profiles of Tacrolimus
After Administration of Prograf® (Reference) and Sandoz (Test)
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Steiner and Feist Clinical Transplantation 2010; 25: 334-5.


http://onlinelibrary.wiley.com/doi/10.1111/j.1399-0012.2010.01387.x/full

Generic Immunosuppressants

Bioequivalence in transplant recipients (not only HV)
Patients subgroups (paediatric, black race, elderly...)
Intra-patient variability greater in patients than HV
Steady state

Bioequivalence also based on clinical TDD (i.e. C,)
Generic prescription by transplant physicians
Prescription “non substitutable”

Avoid pharmacist switches

Close follow-up

Patient information (compliance)



Collateral effects (not damages) of generics

Changes in pharmaceutical industry?
Sub specialization?
- Innovation
— Development
- Commercialization
Wise prospection by pharmaceutical industry
Drug hierarchy
Innovation vs. cost/effectivity

Drug development eras....



Collateral effects....

 (Generics as comparators for cost/effectivity or
cost/utility

« Comparator generics derived from innovator drugs
developed 2 decades ago

 Risk of stagnation?



